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(54) HIGH TENSILE STRENGTH STEEL FOR 

WELDING STRUCTURE EXCELLENT IN FATIGUE 
RESISTANCE IN WELD ZONE AND ITS 
PRODUCTION METHOD 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a high tensile 
strength steel sheet for a welding structure in which 
the crack resistance of the weld HAZ zone and the crack 
propagating resistance of the base metal part are 
improved, and the fatigue resistance of the weld zone 
are excellent and to provide its production method. 

SOLUTION: This high tensile strength steel for a welding 
structure has a composition containing, by mass, 0.005 
to 0.15% C, 0.01 to 1.6% Si, 0.5 to 2% Mn, s0.01% 



P, =50.005% S and one or two kinds of 0.05 to 0.3% Nb 
and 0.05 to 0.3% V, and the balance Fe with inevitable 
impurities and satisfying Ceq: ?i0.55% and Pern: ^0.25%, 
in which the microstructure of the weld HAZ zone 
contains upper bainite of >60% by area fraction, the 
microstructure of the base metal contains ferrite of 15 
to 80% by area fraction, the intensity of the texture of 
(200) in the face parallel to the rolling face in the 
central part of the sheet thickness measured by the 
X-ray diffraction of the ferrite is 2 to 15 by relative 
intensity ratio to a random sample, and the balance is 
composed of one or more kinds of structures selected 
from pearlite, bainite and martensite with the Vickers 
hardness of 250 to 700. 
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(57) [gift] 

ll 0 /o"C k C:0. 005-0. 15 
S i : 0. 0 1-1. 6%, Mn : 0. 5-2%, 
P : 0. 0 1%«T, S : 0. 0 0 5%JWT£, 
Nb : 0. 05 — 0. 3% V V:0. 05 — 0. 3%<D 
lfi^2S^Ml, «WF eRtf^iKTWftfrfc 
ft 0 , C eq : 0 . 5 5 %feTF, P cm : 0 . 2 5 %tiT£ 

j hzmmam-ci 5-8 o^mi, my*u y<d 
0(200) a^iuMutfts. ^>^w«cc*t-ra« 

0 — 7 0 OCD^-5-Y K -^^K 7;l/f >f ^ h 

<o 1 mxu2u&±<Dimvi!bz>®mmmmi5mtim 9 
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[8B3JS91] as%t\ 

C : 0. 0 0 5-0. 1 5%, 
Si : 0. 0 1-1. 6%, 
Mn : 0. 5-2%, 
P : 0. 0 l%felT. 

S : 0. 0 0 5%t(T^Ml, 36teNb : 0. 0 
5-0. 3%, V:0. 05-0. 3%<D\m&tc{%2 

IB^r^S 3 tl S C eqt P cmW, 
Ceq: 0. 5 5%«T. 

Pern: 0. 2 5%«T*S»fcU ?gSHAZgP<7) 

$ * na«|*s±»AL ^ ^ j h *ffl«#*r 6 o %m^m 

ri5-8 0%tWl, ^©7x7^ hcDXiKEUfici: 
OfflffiL^fiW^SBOffiffiffiWl^ff (2 00) 

-1 gMtf. fcf**-**3**2 50-7 0 

fctt 2 ««±®««-c & & t <t *#Sfc £ -r £ M»i 

Ceq (%) =C+Mn/6+ (Cu + Ni)/15 + 

{Cr+Mo+V)/5+Nb/3 
Pern (%) =C + Si/30+ (Mn+Cu+Cr)/ 
20+Ni/60+Mo/15+V/10+5B 

[«#9I2] ftS%r, 
Cu : 0. 1-2. 5%, 
N i : 0. 1-5%, 
C r : 0. 1-1%, 
Mo : 0. 1-1. 5%, 

B :0. 00 02-0. 0 0 5 %<D 1 I^/di2i« 
3 6CC*W-r-5Ci*19«frai»*«l6CSUK 

[W3KB3] m«r, 
A 1 : 0. 0 0 1-0. 0 5%, 
T i : 0. 0 0 1-0. 0 5%, 

N :0. 0 0 1-0. 0 0 8%<D\m&tcliZ2miH± 
3 6CcdW«ci*19«i'rsi8«3Bl*fc«2 

§Bo 

[»3#H4] HS%T\ 
Ca : 0. 0 0 0 5-0. 0 0 5%, 
REM: 0 . 0 00 5-0. 0 0 5%<D 1 «£/c«:2 « 
3 6CC«ff«ct*«p«tr4i»*3117iM3© 
c»rti* l JitcietS©^gBcDg|^1t14«:«n/c^f « 

ti**s 5 ] mmm 1 7b^4 co^-rn^ i miczzm<D 
»KS»*wr&wt* a c 3 sjaseu: 1350 °c«t 

©ffiKtCttffifcfft, A r 3 gBR*- 1 2 0 0 'CCO^-Xt^ 
hWHttCJMETOPl 0-8 OKTBSSOfc 
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& EESHttaiKPAr, a«£JHT\ EE**7B**« 
T\ *«lET*#4 0^0 0WOfiJJ3E«r«Ci*» 

W\ 5-8 0"C/s(D^aijiSr2 0-6 0 O'C^rJtJP 

10 [Wat® 7 ] &mmc. 3 0 0 °c- a c , grngjom. 

[0 00 1 ] 

20 ^ffiCC^O, 3 6CCl£b<5i, 5I5B?»33&$5 7 0MP& » 
J&LhO*«3R©ft»«ftt«: &n ft: j8C4Nm*SR^H«5 

[0 00 2 ] 

[0003] c*i mm®i<Dmt±.<o& 

^5 7 0 MPa 7 8 0 MPa iR<Dlft5fcb«*t(DflW^ 

««* <3WftlS^JS < ft S i . »«»Jft«ir <Dft»«K©tt 

. [0004] ch*rec % «»sittft±«:m-«saB# 

**. Wxll 456803 6 1 -9 6 0 5 7-Sffi«tC:te<,>T 
50 4r«»58fltfil±3WBti4C4*«Hlfl%3tirCi*. 



•3, ##fe93#:ttm4TrS/ISB1g©3^1*?§@L g/c«W 

[0 00 5] Ctl*TK. igSgi$tt©&^&K3£ 

gt- F*tfJR*ftMi • W«»K J: 0 jt«rtBJgtt*»JK 
<fc&fc©&4. #¥WM«c«t 4 a,£t*o io 

fc <W*tf . ^fP3BS5 9- 1 1 049 0-^&$R. #§8¥ 
1 -30 1 82 3-!f&«&4') . ftttftfttAUlK: 
J: 4 J»S t 6J:<fcj6*ifcfc©r* 

[0 00 6] ig&f&Kggls© 5 * nffli&4«3?3iK©ffl 

13^5-345 92 8#5f#8f«. j§8H A Zl§8i©g 
^Sa«Sttv;Uf->-9--f h©£fi»t«fcf)fa±-r.&c4 20 

^£&HAZffli®4HC#&T-2>4. — H#6£Uft:5* 
?^f>-!f-f h44«tSfcS>(c. ?gigf£{t?g}ggfl£A 

»wea*iirrfc©r*»>. ««**rS3&aft£*iSiJ:S 
[0007] mtmv&m ■ £*§© s * atm 
- 7 3 9 8 3n£Mx<<mmz$i<D§i£. ■ 

Dm*>fric2tiXi,>Z. s*5^S«t (WTC 

eq) £PK5eU ggHAZ 7*7^ hffi^^tfttlS 
6 C 4 CC J; o T^»©^S8Ut:iW*LhT £ C 4 &m 

[0 00 8] L,*>U CeqfiI£PK^Ui§}£HAZ7*7 

i?l38aS*t4 9 OMPa !8i5«;*J8I«T'igJS H A Zfflfi 40 

h©t&£T?*»J . jg&A3&#Wi* < ^*PiIS 
**a<r>»£*\ 570-780 MPa &««;*J»ffirig& 
HAZ©5?ai«)!iK^-/ h-^v;U7->-9-W h4& 

O'CLOCK** SJ§b/cfe©-C«%C». 
[0009] -2f. 5 7 0—780 MPa «lifSB^SI©«fc 

•5cc^sHAz«D^*5-<^^^ t tttzm-gKommswi 

«£©flHWtt. iSN b ^flni C eq©HBtJW*(rC*4 C 
4j&*I«3¥7 - 1 5 4 5 0-^ft*tt£KH^3ft-Cl> 
4. -ffcfr^. iSNb8JJjn«Nb^b«5©BjS*Sl>« 
«Tffi^k«:«t-,-CvX^|Sl^«ffrSS»*^*0. Ceq 50 
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©fs^«-< * ^ h ±»tmtr * c t k «t -o 
©s^s^isi±-r s c 4 tfsatt § n-c c > s . 

[0010] «fH¥5- 1 48 54 0*QMV 

it. AV ■ V VZm&XKWt'U^C- 

tV. 7 ^■^■9 htb* s 4J£t±©7 J \- 
fflfiicWr tt-fe^ U - a D § tt£ C 4 «C J: 0 & 

0. W8ffi4fc^HAZa^#*j&©»£*$J:a f « 
*t8P«C^AL//c^©e«©M*4ffll©l-rS fe©r«)& 

«#*H*|6j±3-l*Sfc©-Ctt&l,*. 
[001 1 ] 

mmrnxmic* zmmmmfttx-ixtj; < . Mtu«^««i 

&frM3<>clft±Ltc, 3e>^ci¥L<«. jggHAZSB© 

©•B&srft *««-r •*> c 4 a m t l x i » . 

[0012] 

[ISiS*fl?^-SfcJ!?)©#^] |6Hj^e.»5 7 0 MPa 18 

ifi. Jt-'ZJb. ^-Y^-^h. v^^^-tJ-W h© IS* 

ftjt LXftMlX&MZft-ytd&m. WNb*St,>«lifV 
j^ttl 4 C eq*5<fc f>'P cm©K^*5g^H A Z gf5©S#i* ^ 
#£^#^©[6]±(CW^!|-C4> >5. 7x7-fhi7 I 7-/h 

4*5smi5©g^#^es^©r6j±«:w^-ca,sc 4 

[0013] ^B^«*^^^fc«-5l<^r^fiX$n/c 
fc©-C, ^©g!'4-r-54C5«'X©il i 3-C£>.£.„ 

( 1 ) C:0. 005-0. 15%. Si : 

0. 01-1. 6%, Mn:0. 5-2%. P:0. 0 
1%1KT. S:0. 0 0 5°/o«T?:Ml/. 
b:0. 05 — 0. 3%. V:0. 05-0. 3 %© 1 

mitcit2m^mu. ®mf e*j«fc^nijg^F*e©i*» 

6^0. Tia^^3n-5Ceq4Pcrti*i. Ceq:0. 

5 5%WT. Pern: 0. 2 5%tTF£$afcU ?g 
SHAZ gR© 5 ^ D*filffi*i±gf5-i T A h «rSS»^-C 

6 0%itWL. $6tC. ^©Si'affiS*^*^^ 
H?:lS»fT15-8 0 o /otW(,. Wx7-/K!) 
X,«(Hlilf (c JcOiMtfEL fc«Jl*>^SP©EBSffi«:^f ^effi 
©(200) |ft^«MHfift«>. 5 A^f4tc>Ft-r-5.+B 
>Ft^gi:b-C 2 - 1 5 XSi K> . JScSHfi. t* v # 
2 5 0-7 0 0©/-t-7-f h. ^'f^'fh. v;l/f->-y- 
-I 1 h©l«Ssfctt2«tLh©i|ft»-C*4C4*'»«i-r 



(4) 

5 

Ceq (%) =C+Mn/6+ (Cu + N i ) / l 5 + 
(Cr+Mo+V) /5+Nb/3 
Pern (%) =C + S i/30+ (Mn+Cu+Cr)/ 
20+Ni/60+Mo/15+V/10+5B 

(2) 11%^, Cu:0. 1-2. 5%, Ni :0. 
1-5%, Cr : 0. 1-1% Mo : 0. 1 — 1. 5 
%, B:0. 0 00 2 — 0. 0 0 5%(D18^/di2i 

(3) HS%T\ AI :0. 001-0. 05%, T 
i:0. 001—0. 05%, N:0. 001—0. 0 
08%(Dia^/di2ffltt±^, ^etcMt^Ci^: 

(4) mm%V. Ca:0. 0005-0. 005%. 
REM: 0. 0 00 5-0. 0 0 5%<E> 1 m&M*2 W. 

JSigSfcftlPIo 20 
[0014] ( 5 ) itufB(i) ftM(4) (DC^-rta^HclBiS 

(Dmf&frzm-rzmnzA c 3 *«*«± 1 3 5 o-c« 
T<oumcmmm, a r 3 *«ua- 1200 *c©*-x 

f-^-Y hWB«r&SEET*tf 1 0-8 0%-C)BiL>/c 

6 0 0'CWJiO^-Xf*^>r hCDZlffl^c 
T\ IiET?^4 0-9 0%OttlffiT^Ci^ 

(6)E^7flO«^*ft». &£C>W, 5- 30 
8 0°C/s (D&iSim&X' 2 0-6 00 °C£ T flnil^iPT 

( 7 ) 3 0 0 C C-A Cl Xfl^OflSSHt 

^bt^Ci^iit^, fjiB(5) */cW(6) KfB 

[0015] 

j£**4»^jk o i jub»k:— a-r * mm h 

AZrt*e»L*:a«:»»»cS8AL. 
[0016] *-*\ »«H AZ»(Z«*8i»*»W«:o 50 
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t^rKiB-r*. *«h a z 

#kwc«u *»HAZflMg»9Jtt«ca«"r5^offl 

[00 17] ?l5RaS3&*5 7 0MPatR«±«©»«HA 
Z«*«^-f^^ h-v;Ur*>tM h««i«c€)?** 
5ISIB»S3&S4 9 0MBa««T©il©<fc9tt 
MHAZIS^x^-f MfcTSC<tr©igl8HAZ 
j£#^©ffl±ttS«>«:l>. Ltc&~>X. 7*7^ hit 

V© li$/di28<DWS}8t'*^ MHAZ^ 

«£u e«-r*#> Nb. v©i«*fc»2«*a« 

ffi#5MbS*i&fc«>, «»HAZ»©«»*Si«*** 

[0018] &tc % m^mm^B^nn^^xm 

*^»©ESffiffiCC^ff ttffi© (20 0) Jg^ffliSB&g 
7>^AimtC«T^fflSt^SJ:Lr^tl^ti2-l 

[0019] $ 6cc, #s*ojajH«ttcc«siffl*sfffiE-r 

[0 02 0] -7?, IMWfcft© <fc 5 &«NBWlH#rtH2-rf 

♦Hi LT«&£IIgS£1*k i8tt*WT*Ci*s»*ly 
<, §1— fBtt'*-WK "W^-f K v;l,^>lM h 
© 1 i^/dJ2i«_b(DMSi 0/c o 

[0021] ti±©B*Hffl«:a-^c»r, s^tSR© 

sw5a*«E»<tur$wr4*>cor\ o. 0 0 5%*8S 
t?««*r*a*w«-r*036JHii-c**. o. is%e 



&©r, 0. 0 05-0. lb%tLtc a 
[ 0 0 2 2 ] S i &Ktt0S©«JWIft^*<!: 

£f#&/c#>CU*0. 0 l%H±©ij]0«St, 1. 6 
%£M* 4 £3Mc ^ ^6 £ mm$L L < ft 

1-1. 3%£Ltc 0 

[0 0 2 3 ] Mntt, ^%n&Ztc&lCt&m<D7umv 10 

2%*fiiL-5<bS«HAZffl«3Wv;I/f->-9-^ hi 
0. 5 — 2%<tU/c 0 

[0 0 2 4 ] Ptt, «OfJtt(Ci;»S:^S7C*-C* 
0. 0. 0 l%%iBAS<fcS*f/cWrft<jS«HAZ3B 

^OMO. 0 1%aTiUc, 
[0 0 2 5] Stt. P£EI«K:ffil>«£#* 0< , 0. 
0 0 5%£iiax.£<tMn S flrHWSa <!: & 9, «»<DH 20 

tc k Mn s^aE%*^ficc^ars<t. t nausea 

#>*<DmiO. 0 0 5%«Til/c o 
[0026] Nb^)l/< « Vtt, *$m<Dl8&t 

aw3os»a«3Wr$i±r ^, si Kino* o . 6 %*«coii 

«0. 0 5%a«ST&S« — 0. 3%&MtLZ> 
^r, *©8SMB*0. 0 5-0. 3%<hT&„ 

Nb <tv«w^^^Fic-e-n^tio. 3°/ojr»it 

feMl^ NbiVO^tt^O. 5%£Sx.£<f:ffiX& 
«W1»**ttttlO*T<ft4©r, 0. 5%iUTi^^cfc 

[0 0 2 7 ] a±&*mWtetoV $>Z 

$e>^*^B^CCfe^T«±IE^<7)^JaS<b?§g^ 40 

fifianjBSttPcmtiDPaccCeq^O. 5 5%WOT 

mmftte <fc SJSSOWtt ift»3Stt«:I«I± 3 & 6 fb CD 

r&£ 0 

[0 0 2 8] CeqJiMK[Sj±<D/c«)«:iBCi« 

>tM hS(*o^«cttor*«^^*is*s(STr 

£ 0 L/c#or±RgfiI£0. 5b%tbtc a */c, Pcm 
#0. 2 5%£ffi*&£ffiSgm£itBCt- BltEtt^ 50 
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r<& 0 Lfc#oT±|Rffi*0. 2 5 0 /oil/c 0 
[0 02 9 ] miRmttCmUQ-fZCu. Ni, Cr, M 
o, B»^T*SAtlttCeq*K«>S7C*-C*0. 

[003 0 ]Cu^ SSttfcffiT 3 i*?tC&&<D±MtC 
^ftjtjk-C&ZAK 0. 1 K*«r«aMi*s& < . 
2. 5%*fflAii»i>41lPllS«F^»a«p«:«h*SfeG*> 
T<T-2> e Wot, ^(Dm^rO. 1-2. 5%<h-T 

[0 03 1 ]Ni«, •^fc<fcW8iK©?Sc««CWJaitt7C 

5%KUi©aBttirtt»ai4*HfiTr* 
HM**)**. j§gHAZ«8!t^>f h 
4 h±*©««ittorft»9«a[*iST3*4- Lfc** 
oT, ^(DS£0. l-5%<LL/c 0 

[0032] cru, mxtx^M^x^^m^ Z> 

±ro. l°/oM«t*5. — -ft. \%*m7LZ>tN 
0. 1-1%<LL/c 0 

[0 0 3 3 ] M o ti, g£A*lt£fa±, 3SKlfiJ±, WSSBI 
£/ces6(C«0. l^J&liCDasan^^-CA-S*^ 1. 5 
r, ^<£«£0. 1-1. 5%il/c B 

[0034] b«, i^srt-xtt-/ hfitl?cc<a 
#?T£c<br, ^sr^Atitt^iS^£c<h^oj^5c 

3»*«:l%»*r5A:«>fC«0 . 0 0 0 2 %JW±<D8$ttJ#i& 

ft*s*s, — -fs. o. o o 5%^jB^s««i<3oasjor 

BN, Fe l3 (C, B) 6 ^©ffiAfttFrHtf»££D 
r k Wtt^seft-rsfe*, 0. 0 0 0 2-0. 0 0 5% 

[0 0 3 5 ] A Hi, JRSL ^-Xft>f h©S<D*ffift[ 

<b«fcc«»&7c*r*»K M^St^/c^cuo. 
0 0 l%«±Mt5£**i*S. 0. 0 5%£ 

£0. 0 0 1- 0. 0 S%tL?c 0 

[003 6 ]Ti(t wm^fbccj: o «tt?»JSrai±«:* 

htiaj^^b6ctffiatt7c*rAo. «s 
s*»»-rs/c*«:»o . o o i %JM±d*r*r£i&s# 

$>€>o — 0. 0 5«Iil»i, fflA^H^b«J*JK 
A L/ r gtt ^r^CC ^{b3i±£i<h4> ^Cg!^ * swoe j£ 
<DJSH<h^^/c«?>, ^(DS^O. 0 0 1-0. 0 5%<h 

[0 0 3 7 ] N«. Al^Ti tit-SLXX-X^J 



9 

m®LMiticm®tc8b<tc#>. fflUir*ntf«MsSWtt*t 

siiiutTRto. ooi%mo awi«:d*rr 
s<t> b&n Patau jsi4^wtfe«:aiK«*a«-rpi 

tttt#*4fc», «F*r#*«IIB4Lr±B*0. 00 
8°/oiL/c, 

±<D/t#>CC. i^SCCfEDr, Ca, REM<D li^/di 

fcW23Kc»<. Ca, REM<b&&CO. 0 0 05%*! 

CCDSftSaWS^tittlr^-rTIRffl* 0 . 0 0 0 5 
%il/c 0 MK, 0. 0 0 5%£®x.££. SSfb1»*>K 

<D±.mmzo. oo5%tuc e 
fc««**akoBEeif«:WT«cwo (200) a^tia 

plffiCC&SOr. _LI&£1 5<bL/c e 
[0040] Hti»$4 1 5-8 0%il/c 

aWPWKftlB^ttt^Ci^e, 1 5%£TGM<!:Uft: 0 * 30 

[0 04 1 ] awe. «imoliaAM«a»^K:«y» 

1 0 Htr&s&BaP&Q, Ccd/c 

«?)CCtt««6<OSK«:Ac a a3»^«±CCflP«iTS£**s 

^^, 0 L*»U 1 3 5 o c c^aArsa^T4i, 

«c 40 

[0 04 2] ?l*Jffi<»IHEBS*A r 3 *JB«*»-^ 1 2 0 

0%tLtc o corns, h4tr*miBEB« 
fbur*< ut^o 50 
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[0 04 3 ] *|fc!£rKai*»A0 (200) HJRWS 

»ft«T«c*W 6tt±EBBsWi»raKtttSttM**fc 
u *SWt^©isr^^ 0 «»*rsj© (200) 
@» sftKtfc* ±» $ * sa*/c w 6 «ffifflas«isc > 

250-7 0 0©^-7-(h, ^-Y^-YK ^;Uf">1^ 
U^ot, EBS»TSS* 6 0 0 °C£i± 

iU/c, 

[ 0 0 4 4 ] BufS ( 6 ) CcBB«©2tH«EE3Ba©»aW 

eoox;*rftia»*PLTfcfii». mmttiiwzmso) 

JftiPiiS«:5^8 0 - C/sCC|RSb/c©«. 5°C/s5fc 

»r fcttna^«:<fc £ffla©^f b#iBWt?ft < . ff^ifc 

(D^tmo^s, ijttu^uccj£i;r2 0 — 6 oo # ccfp 
itrs. flna»*P(Df?±jas*2ox;*«ir&citt 

<D±l?£t3< fc'WtSPfi:^. i£CCflni£mp£6 0 0 
XJjBrff±-r*i. Jna»aiK:j:S*93^±^i9ttiSi± 

[ 0 0 4 5 ] buI2 ( 7 ) «:SE*8©IE£ • &&1ktc9\im 

4>cor^>0. Cti*l|3a3#*/c«?>ec«3 0 0 Q CJ6LbCC 
mm?ZC£&i&mx~i!b2>tc#>, TK*3 OO'Cil/ 

[0 04 6] */c. Cu, Mo, Nb, V. B<D#rffl7n 
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